Newborn rabbits were rendered acutely anoxic by insertion into an atmosphere of nitrogen and their respiratory movements were recorded by direct observation and by an impedance pneumograph. The respiratory response comprised periods of dyspnoea, preterminal apnoea, gasping, and terminal apnoea. The duration of preterminal apnoea was increased at the expense of the period of gasping by the prior administration of morphine or pethidine in a dosage insufficient to cause important respiratory depression in air, survival not being shortened.
There appears to be a certain consistency in the mammalian response to acute anoxia or asphyxia, although the pattern varies in detail with species, age and the experimental conditions, and legitimate parallels can therefore be drawn between what is observed in laboratory animals and in clinical practice. Experience suggests that the administration of sedative or narcotic drugs to women in labour (and so to the foetus) increases the incidence of birth asphyxia in their infants but definite causal relationships are difficult to demonstrate in what is usually an emergency situation. Snyder and Geiling (1943) studied the effect of morphine on the respiratory movement of the newborn rabbit in acute anoxia. They found no decrease in the total duration of respiratory movement, which they equated with survival rime; in fact, respiratory movements persisted somewhat longer in the drugged animals than in controls. Davis and Tizard (1961) reported that in rabbits under 2 weeks of age, anaesthetized with pentobarbitone and at a body temperature of 35-37 °C, revival was still possible up to 40 minutes after the induction of asphyxia or anoxia provided that the lungs were ventilated artificially, although the pattern of response appeared to be altered by the drug.
In this paper are described the respiratory resThis paper was presented to the Neonatal Society, February 13, 1964, and the Blair Bell Research Society, May 31, 1965. ponse of the newborn rabbit to acute anoxia, and variations due to narcotic agents.
METHODS
Seventy-one 3-day-old rabbits, from fourteen litters, were used. Three-day-old animals were selected because at this age the different stages of the characteristic pattern of response to anoxia, though essentially similar, are more clearly denned than at birth. Since the response to anoxia is known to be influenced by maturity (Glass, Snyder and Webster, 1944) , state of nutrition (Mott, 1961) , and body temperature (Miller, 1958) , care was taken to select rabbits of the same age and to keep the environmental temperature constant. For obvious reasons, weak or malnourished animals were rejected. Controls from the same litters were used in every experiment in an attempt to niinirnize difference in behaviour caused by genetic and nutritional factors. The rabbits were born on the premises and left undisturbed with their dams until the day of the experiment. Thirty minutes before experiments they were transferred to a box containing nesting material that was maintained at a temperature of 27-29 °C. In some animals from each group the colonic temperature was measured immediately before the experiment by a copper-constantan thermocouple inserted at least 3 cm into the rectum.
Induction of acute anoxia.
The animals were taken from the waiting box and inserted rapidly through a self-sealing sleeve into a box filled with nitrogen. The atmosphere of this box was maintained at 37° C by a thermostatically controlled water jacket which surrounded all surfaces except the Perspex lid. Nitrogen, previously humidified by bubbling through water at room temperature, was passed into the box continuously to maintain an oxygen-free atmosphere. After an initial flushing for 20 minutes at 6 l./min, the rate of flow of nitrogen was maintained at 3 l./min. In a few ancillary experiments, a gas mixture of 75 per cent nitrogen with 25 per cent carbon dioxide was substituted for pure nitrogen. To prevent contamination of the box with oxygen, the gas outflow tube was blocked while the animal was being passed through the self-sealing sleeve in order to ensure a flow of nitrogen in the opposite direction. Repeated analyses of gas samples from the interior of this box showed that there was no significant contamination (less than 0.1 per cent oxygen) at any stage of the experiment.
Drugs.
Morphine was given in a dose of 4 mg/kg. According to Eddy (1939) the fatal acute dose for rabbits aged 3 to 20 days is 200 mg/kg and the smallest dose with measurable effects 0.5 mg/kg. Pethidine was given in a dosage of 24 mg/kg. N-allyl-normorphine (nalorphine) was given in the same dosage as morphine, i.e. 4 mg/kg; n-allyl-3-hydroxymorphinan (levallorphan), being about ten times as potent (Eckenhoff and Oech, 1960) , was given in a dose of 0.4 mg/kg. The drugs were administered 30-120 minutes before the experiment by the intraperitoneal route.
The experiments performed fell into four groups. In Group 1, fourteen animals from four litters were treated with morphine before being subjected to anoxia, and nine animals (including representatives of each litter) were left untreated as controls. In Groups 2, 3 and 4, fourteen, eight, and eight animals were given nalorphine, pethidine, and levallorphan respectively, and nine, three and six animals (always including a representative of each litter used) were left untreated as controls. Thus controls were derived from fourteen litters. Details are given in the tables. The durations of the defined periods in the respiratory pattern were observed and the effect of the various drugs analyzed.
Record of respiratory movement.
The response of a 3-day-old rabbit to acute anoxia may be described with reference to the impedance pneumograph tracing ( fig. 1 ), using the terminology of Mares (1902) . From the moment of insertion there is a period of increasing dyspnoea lasting about 30 seconds, during which the animal is very active and breathes vigorously. This period ends with the "crisis" when the heart slows, there may be a fit of voiding, and the animal becomes limp. With the crisis breathing stops abrupdy and during the succeeding period of preterminal apnoea (from the last breath to the first gasp) there is no respiratory movement and no muscular activity apart from an occasional twitch. The low heart rate first recovers to a rate similar to that obtained before insertion into nitrogen and then falls steadily throughout the experiment until death supervenes. In the period of preterminal apnoea almost any mechanical stimulus or the administration of analeptic drugs may induce a gasp. A spontaneous gasp ends the period of preterminal apnoea and initiates the period of gasping. Gasping consists of deep convulsive inspirations whose amplitude is four or five times that of a normal breath, and is easily recognized by the observer. It is more or less regular with a frequency which increases terminally and its amplitude is usually well maintained until the last few efforts. Should the animal be allowed access to air or oxygen in this period, the gasp is usually followed by pink colouration and by a spontaneous recovery of respiration, heart rate and muscle tone. Following the last gasp there is a period of terminal apnoea with no respiratory movement, a low heart rate, poor muscle tone, and no response to stimuli. In general, recovery in this phase is not possible without artificial ventilation of the lungs with air or oxygen. When 75 per cent nitrogen and 25 per cent carbon dioxide is substituted for pure nitrogen, the pattern of response is similar except that convulsions are much more violent, making the riming of the onset of apnoea more difficult.
In most experiments, the intervals of the response pattern were recorded by direct observation using a series of stopwatches. In this way the stages from insertion to first gasp, last breath to first gasp, and insertion to last gasp were recorded ( fig. 1) , the other periods then being derived by simple subtraction.
In a number of experiments, these observations were confirmed and amplified by recording the animals' respiratory movements using the adaptation of the impedance pneumograph (Geddes et al., 1962) described by Pallett and Scopes (1965) . This instrument measures the electrical impedance across the thorax, and has been shown to vary with respiratory excursion. It gives an accurate record of respiratory rate and pattern and a semiquantitative measure of excursion. The leads were attached to the animals by short fine needle electrodes, and their presence did not seem to discomfort the animals in any way.
RESULTS
The duration of the periods of dyspnoea, preterminal apnoea and gasping were measured in each animal to the nearest second and averaged for each group. These durations are shown in figure 2 and tables I-IV. The data were examined by analysis of variance to separate out the litter effect, the drug effect, the difference between the durations of apnoea and gasping and their interactions. The analyses were somewhat approximate owing to the unequal numbers of control and treated animals in the various experiments, but when reviewed in conjunction with the mean values for the four groups, they provide an indication of what are likely to be real effects and clear conclusions emerge.
(1) There was no evidence that the results in animals serving as controls differed significantly from experiment to experiment.
(2) There was no evidence diat the period of dyspnoea is affected by the drugs used.
(3) There was no evidence that the combined periods of preterminal apnoea and gasping are affected by any of the drugs used.
(4) The period ot preterminal apnoea was significantly increased by morphine and pethidine but not by nalorphine or levallorphan.
(5) The period of gasping was significantly reduced by morphine and pethidine but not by nalorphine or levallorphan.
It is apparent that in the experimental conditions described morphine and pethidine prolonged the period of preterminal apnoea in acute anoxia without shortening survival time when given at a dosage which has insignificant effects on respiration in air. Nalorphine did not significantly influence the response to anoxia. Levallorphan did not produce any demonstrable effect on the parameters that were measured.
Similar experiments were performed when the atmospheric temperature of the box in which the animals were placed after removal from the nest had been raised to 33-35 °C. There was no alteration in the behaviour of animals in the treated or control groups on exposure to nitrogen.
In an atmosphere of pure nitrogen, pulmonary carbon dioxide excretion can continue untu apnoea supervenes, and this might be expected to modify the respiratory and circulatory responses to anoxia as opposed to those in asphyxia. In fact, the pattern of response in a number of rabbits asphyxiated in an atmosphere of nitrogen 75 per cent and carbon dioxide 25 per cent differed in no measurable way from that of animals made acutely anoxic in nitrogen alone.
In view of a report by Adamsons and co-workers (1963) that the period of gasping in newborn rhesus monkeys can be extended by infusion of glucose and alkali, the effect of pre-infusion of alkali was studied. The protocol of the experiment was the same except that prior to insertion into nitrogen all animals were given unbuffered trishydroxymethyl-amino methane in a 3-6 per cent solution by intravenous injection (Nahas, 1962) . The scale of dosage varied between 5 mg and 20 mg per rabbit (100-200 mg/kg). The interval between the injection of alkali and exposure to nitrogen varied between 10 seconds and 10 minutes. The prior administration of Tris buffer TABLES Durations oj dyspnoea, pre-terminal apnoea and gasping in newborn rabbits exposed to an atmosphere of nitrogen. did not cause any alteration in the respiratory pattern of the narcotized or control animals before or after exposure to nitrogen.
DISCUSSION
The results indicate that the narcotic drugs morphine and pethidine affect the pattern of the respiratory response to acute anoxia in newborn rabbits without altering the survival time, and that no such effects are observed when the corresponding antagonists are used. Since gasping is abolished by denervation of the carotid body (Tschirgi and Taylor, 1958 ) the drugs must act at other sites on the reflex arc between the carotid body and the respiratory muscles, probably in the medulla oblongata. Since in the doses given no demonstrable effects are seen in animals breathing normally in air, groups of nerve cells must be involved in gasping other than those concerned with normal respiration, which is not completely dependent on the presence of an innervated carotid body. This observation could explain the very variable effects in humans of morphine and pethidine in relation to birth asphyxia, apnoea resulting only when the baby is totally anoxic at biith and therefore dependent on the gasping response for the initiation of respiration. Equally, since it has been shown in newborn rabbits that narcotic drugs prolong the period of primary (preterminal) apnoea but do not abolish gasping or shorten the duration of life, narcotized infants might be expected to respond to almost any resuscitative measures, provided the circulation is maintained until the induction of the first gasp. Infants in the stage of terminal apnoea, on the other hand, would produce no further spontaneous respiratory movements and the lungs should, therefore, be ventilated artificially as a matter of urgency.
The preparation described provides a useful model for the study of drug effects on human birth asphyxia.
REACTIONS DU LAPIN NOUVEAU-NE A L'ANOXIE AIGUE ET VARIATIONS PROD-UITES PAR DES NARCOTIQUES

SOMMAIRE
Les auteurs ont provoqu6 une anoxie aigue chez des lapins nouveaux-nfs en leur faisant respirer de l'azote. Ils ont observe directeraent les mouvements respiratoires des animaux et les ont enregistres par un pneumographe a impedance. Ils ont constate^ une dyspnee, puis unt apnee pr^terminale suivie de suffocation et d'apnee definitive. En administrant aux animaux de la morphine ou de la pe'thidine a des doses ne provoquant pas de depression respiratoire importante sous air, on constate que la duree de l'apnfe pr6terminale augmente aux dipens de la p£riode de suffocation, sans que le temps de survie ne change. . Today no one needs to justify the existence of respiratory units. They are as much part of the modern hospital world as are the other specialized medical and surgical units of a hospital. The place of anaesthetists in these units, too, is no longer disputed and a recent review of those in the United Kingdom indicated that anaesthetists are in fact responsible for the day-to-day working of more such units than are any other single group of specialists. The result has been that the columns of this Journal have frequently contained accounts of the work of various respiratory units and the ways in which different types of case have been managed. The respiratory unit in fact has, more than anything else, made a reality of the concept of the anaesthetist as a clinician. It is, therefore, more than appropriate that an authoritative volume on respiratory care should come from one of the largest respiratory units in the world, dedicated to one anaesthetist and written, to some extent, by others.
REAKTION DES NEUGEBORENEN
This volume is a review of the physiological considerations which govern artificial ventilation of the lungs, the means of diagnosis of such patients, the special measures involved both in the prevention of the onset of respiratory insufficiency and in the ensuring of the adequate ventilation of the lungs in those in whom it is undertaken, together with the details of therapy and the special problems which arise in particular cases. As the Unit in the Massachusetts General Hospital has treated 496 patients for periods of more than 24 hours since the beginning of 1958, it will be apparent that the authors have an abundance of material from which to draw conclusions. Indeed there must be very few units in the world where, for example, 38 myasthenic patients have been successfully treated in such a short period of time. It is also an indication of the usefulness of such a unit that 28 out of 138 patients who underwent thymectomy prior to 1958 died within a year of operation, whereas since this respiratory unit has been responsible for their treatment, only 3 of 42 patients have died within this period. An exactly similar situation is seen in relation to acute idiopathic polyneuritis and many other diseases where artificial ventilation played a major part in the management of the patient. In short, this is an authoritative volume on respiratory care and it should be read in detail by all who undertake this type of work. It is an excellent source of references and has a useful index. The only drawback to it is the cost which, by comparison with books from British sources, is high.
A (1965) . Pp. vi+153; 10 illustrations. Price DM.36. This monograph on hyaline-membrane disease or the Respiratory Distress Syndrome in infants is a most valuable account of this subject. As treatment becomes more practicable it is vital to understand pathology, biochemistry and possible mechanisms. There is a very full review of the world literature including the important contribution of British physiologists. This is not a practical guide to the management of a particular infant but it certainly provides the essential background for anyone with a special interest in this field.
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